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Description 

TECHNICAL RELD 

5 [0001 ] The present invention relates to a granular fertilizer with a multilayer cmting for agriculture and gardening. The 
fertilizer is coated with coating materials having different degrading rates in a multilayer structure in order to confrol the 
dissolving-out rate arxJ dissolving-out profile of the fertilizer nutrients. The coating materials do not remain in soil or 
water since they are degraded by microorganisms or light after all the nuti'ients are dissolved out. 

10 BACKGROUND ART 

[0002] It has been proposed to coat fertilizers with various polymers and inorganic materials. For example. Japanese 
Patent Publication Nos. 28927/1965 and 13681/1967 disclose various coating materials, but they have difficulties in 
controlling the dissolving-out rate of fertilizer nutrients. 
15 [0003] U.S. Patent No. 4,369,055 and Japanese Patent /application Laid-Open No. 1672/1980 have tried to facilitate 
degradation of coating materials while maintaining the function for controlling the dissolving-out rate by dispersing inor- 
ganic powders such as sulfur arxJ talc in a low molecular olefin polymer. However, tiie disclosed coating materials are 
not completely degraded and tiiey remain in soil. 

[0004] Further, U.S. Patent Nos. 5.176,734 and 5,206,341 and Japanese Patent Application Laid-Open No. 
20 146492/1991 propose to coat a fertilizer witii a biodegradable polymer. They only disclose to coat the fertilizer with a 
biodegradable coating material in a single layer. The single layer coating has a difficulty in controlling both the dissolv- 
ing-out rate of fertilizer nutrients and the biodegradability at the same time. 

[0005] Japanese Patent Application Laid-Open No. 97561/1993 discloses a three layer coating prepared by using one 
type of biodegradable film and a water-soluble resin. It also has a difficulty in controlling both the dissolving-out rate and 
25 the biodegradability at the same time. The application discloses that a thickness of the coating material is 500 to 2,000 
lim. This invites high cost so that the coating material is not suitable for practical use. 

[0006] The problem addressed by the present invention is to provide a granular fertilizer with a multilayer coating for 
agriculture and gardening, in which the dissolving-out rate and dissolving-out pattern of fertilizer nutrients are control- 
lable and also the coating material does not remain in soil or water after the fertilizer nutrients are dissolved out. 

30 

DISCLOSURE OF THE INVENTION 

[0007] The present inventors have made intensive and extensive studies to find that the above problem can be solved 
by coating a fertilizer with at least two types of coating materials having different dissolving-out rates and moisture per- 

35 meability in a multilayer structure. 

[0008] Namely, the present invention provides a granular fertilizer with a multilayer coating comprising a first layer con- 
taining at least one rapidly biodegradable polymer selected from the group consisting of a rapidly biodegradable 
aliphatic polyester and a rapidly biodegradable polyurethane compound, and a water-insoluble second layer containing 
at least one slowly biodegradable polymer selected from the group consisting of a slowly biodegradable cellulose deriv- 

40 ative, low molecular weight polyethylene, low molecular weight wax and low molecular weight paraffin or light-degrada- 
ble resins. 

[0009] The first layer contains at least one rapidly biodegradat)le polymer selected from the group consisting of a rap- 
idly biodegradable aliphatic polyester and a rapidly biodegradable polyurethane compound. 

[0010] As criterion for biodegradability of plastics, colony growth rating of fungus is well known, which is disclosed in 
45 Biodegradable Plastics, Iwao Yamashita. GTI Processing Technology Researching Group, pp. 39-41 and The Encyclo- 
pedia of Chemical Technology, Supplemental Volume, 3rd Edition, J.E. Potts, John wiley & Sons, 1982, p. 626. The col- 
ony growth rating is measured according to ASTM G21-70 by taking the following steps. 

[001 1] Specimens are placed in or on a solid agar growtii medium containing necessary components (excluding car- 
bon) for tine colony grovrth, and a suspension of fungus (e.g.. Aspergillus, Penicillium, etc.) is sprayed over ti^e surface 
50 of the medium to incubate at 28-29° C at a relative humidity of 85 % or more for 21 days. 
[001 2] The grade of the colony growth rating is as follows: 

IV; 60-100 % of the specimen surface covered 
III: 30-60 % of the specimen surface covered 
55 II: 10-30 % of the specimen surface covered 

1: 10 % or less of the specimen surface covered 
O: no growth visible 
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[001 3] In the present invention, rapid bicxiegradability corresponds to the colony growth rating IV. 

[0014] Examples of the rapidly biodegradable aliphatic polyester indixle a poly-L-lactic acid, polycaprolactone, and 

aliphatic polyester represented by the following formula (1): 



HO-[(CH2)m-OC-(CH2)2CO-]x- H 

O O 



(1) 



10 wherein m is 2 or 4; and x is 50 to 500. 

Particularly, a poly-L-lactic acid having a weight-average molecular weight of 70,000 to 500,000, polycaprolactone hav- 
ing a weight-average molecular weight of 10,000 to 70,000 and aliphatic polyester represented by formula (1) having a 
weight-average molecular weight of 10,000 to 50,000 are preferred. A poly-L-lactic acid having a weight-average molec- 
ular weight of 150,000 to 250,000, polycaprolactone having a weight-average molecular weight of 50,000 to 70.000 and 

15 aliphatic polyester represented by formula (1) having a weight-average molecular weight of 30,000 to 50,000 are more 
preferred. 

[DDI 5] Examples of the rapidly biodegradable polyurethane compounds include polyurethane represented by the fol- 
lowing formula (2): 



20 



25 




-NHC (CH2)nO] Y - H 



(2) 



30 



wherein n is 5 or 6; and Y is 70 to 1 500. 
Particularly, polyurethane represented by formula (2) having a weight-average molecular weight of 25,000 to 500,000 
35 is preferred. Polyurethane represented by formula (2) having a weight-average molecular weight of 100,000 to 300,000 
is more preferred 

[0016] The water-insoluble second layer contains slowly biodegradable polymers selected from the group consisting 
of a slowly biodegradable cellulose derivative, low nx>lecular weight polyethylene, low molecular weight wax and low 
molecular weight paraffin or light-degradable resins. 

40 [0017] Herein, the slowly biodegradability corresponds to the colony growth ratings I to III. 

[0018] Examples of the slowly biodegradable cellulose derivative include nitrocellulose, ethyl cellulose artd triacetyl 
cellulose. Particularly, nitrocellulose, ethyl cellulose and triacetyl cellulose which have a weight-average molecular 
weight of 10,000 to 300,000 are preferred. Nitrocellulose, ethyl cellulose and triacetyl cellulose which have a weight- 
average rTX)lecular weight of 100,000 to 300.000 are more preferred. 

45 [001 9] The low molecular weight polyethylene refers to polyethylene having a weight-average nnolecular weight of 500 
to 10,000. A preferable weight-average molecular weight Is 2,000 to 5,000. 

[0020] The low molecular weight wax refers to wax having a weight-average molecular weight of 300 to 800. A pref- 
erable weight-average molecular weight is 400 to 800. Examples of such wax include animal natural wax such as 
beeswax, vegetable natural wax such as Japan wax. synthetic wax such as synthetic hydrocarbon and modified wax. 
50 Of these, synthetic wax of synthetic hydrocartx)n is preferred. 

[0021] The low molecular weight paraffin refers to paraffin having a weight-average molecular weight of 300 to 800. 
A preferable weight-average nrtolecular weight is 400 to 800. 

[0022] The light-degradable resins include polyolefin containing a light decomposer such as a transition metal com- 
plex, an oxidation accelerator and a light sensitizer, a copolymer of ethylene and carbon monoxide and a copolymer of 
55 vinyl and ketone. The weight-average molecular weight of the compounds is preferably 5,000 to 50,000, more prefera- 
bly 10,000 to 30.000. Of the polyolefins. polyethylene is preferable. 

[0023] Examples of the copolymer of vinyl and ketone include a copolymer of ethylene and methylvinyl ketone and a 
copolymer of ethylene and ethylvinyl ketone. 
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[0024] The transition metal complex includes iron acetyl acetonate. It is preferably added in an amount of 0.005 to 0.2 
% by weight based on the amount of the polyolefin. 

[0025] The preferable slowly biodegradable polymer has moisture permeability of 2.5 g/m^/day or more which is 
measured according to J IS Z 0208. 
5 [0026] The rapidly biodegradable polymer and the slowly biodegradable polymer must be coated in a multilayer struc- 
ture. 

[0027] When the rapidly biodegradable aliphatic polyester or polyurethane compound is coated in a single layer, the 
desired dissolving-out rate of the fertilizer can be achieved at an early stage due to its low moisture permeability, but 
the dissolving-out rate cannot be controlled later since the coating is degraded by microorganisms to make holes in the 
10 layer at the early stage. 

[0028] When the water-insoluble slowly biodegradable cellulose derivative is coated in a single layer, the desired dis- 
solving-out rate of the fertilizer cannot be achieved due to high moisture permeability. When the low molecular weight 
polyethylene, the low molecular weight wax. the low molecular paraffin or the light-degradable resin is coated in a single 
layer, the desired dissolving -out rate can be achieved due to their low moisture permeability. However, if the coating is 

15 thick, the dissolving -out rate cannot often be controlled because of cracks. 

[0029] When the rapidly biodegradable polymer is used together with the slowly biodegradable polymer, both of them 
can be mixed to form a single layer coating. However, if polymers having different properties are mixed, fine voids 
appear at the boundary between polymers. The fine voids cannot be uniformly formed all over the layer so that the dis- 
solving-out rate cannot be controlled due to the intimate relation between the moisture permeability of the coating and 

20 the voids. 

[0030] Preferable combinations of the first and second coatings are a combination of a first coating containing a poly- 
L-lactic acid and a second coating containing low molecular weight wax, a combination of a first coating containing an 
aliphatic polyester compourxJ represented by formula {1 ) wherein m is 4 and x is 200 to 250 and a second coating con- 
taining low molecular weight wax, and a combination of a first coating containing a poly-L-lactic acid arxJ a second coat- 

25 ing containing ethyl cellulose. 

[0031 ] In the present invention, the coating may comprise three layers or more. For example, a fertilizer may be coated 
with a poly-L-lactic acid, polycaprolactone and low molecular weight wax in turn to form three layers. 
[0032] The type of the coating material, the coating percentage and the coating thickness is selected according to the 
desired time for starting dissolving out, the particle size of fertilizer and the dissolving-out rate and profile. The weight 

30 percentage of the whole coating materials relative to the granular fertilizer, i.e., the coating percentage of the whole 
coating material, is preferably 2 to 40 % by weight, more preferably 2 to 20 % by weight in view of the dissdving-out 
rate. The coating percentage of the first coating is preferably 1 .5 to 32 % by weight and that of the second coating is 
preferatrfy 0.5 to 8 % by weight. The thicknesses of the first and second coatings are preferably 1 5 to 235 lam and 15 to 
50 |xm, respectively The thickness of the whole coating is preferably 30 to 300 ^m, more preferably 30 to 250 ^m. 

35 [0033] If necessary, a surfactant, talc, calcium carbonate, a metallic oxide and the like can be added to the coating 
material. 

[0034] The fertilizers to be used in the present invention are not particularly limited. The known chemical fertilizers 
such as ammonium sulfate, ammonium nitrate, urea sodium nitrate amrrtonia phosphate and potassium phosphate may 
be used individually or in combination. 

40 [0035] The process for preparing the multilayer granular fertilizer of the present invention is not particularly limited. 
Suitable processes include a process wherein a rolling or floating granular fertilizer is coated by spraying a solution in 
which a coating material is dissolved or dispersed; a process wherein a granular fertilizer is immersed in a solution con- 
taining the above coating material and tiien the solvent is removed; and the like. The present invention preferably 
employs a coating process wherein a solution prepared by dissolving or dispersing the coating material in chlorinated 

45 hydrocarbons, an organic solvent such as ketone ar»d water is sprayed to a granular fertilizer while immediately drying 
the fertilizer with high stream of hot air. 

[0036] Further, the coating material must be dispersed uniformly If the dispersal is not uniform, the dissolving-out rate 
of the fertilizer components is unstable. 

50 BRIEF DESCRIPTION OF DRAWINGS 

[0037] 

Figure 1 shows an apparatus for preparing a granular fertilizer with a nxjltilayer coating of the present invention. 

55 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0038] Now, the present invention is illustrated in more detail referring to Examples and Comparative Examples. 
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[0039] The apparatus and preparation process are as follows. 

[0O4O] Figure 1 is an example of apparatus suitable for preparing the granular fertilizer with a multilayer coating in 
accordance with the present invention. Referring to the Figure, numeral 1 indicates a spouting column having a column 
diameter of 200 mm, height of 1 80 mm and an air-spouting diameter of 42 mm. Numerals 2 and 3 indicate a fertilizer- 
5 feeding port and an exhaust gas-discharging port, respectively. T^, I2 and T3 indicate thermometers and SL refers to 
steam. 

[0041] A jet of air is sent from a blower 10 via an orifice flowmeter 9 and heat-exchanger 8 to the spouting column 1 
The flow rate and the air temperature are controlled by the flowmeter 9 and the heat-exchanger 8. respectively, and the 
exhaust gas is discharged through a discharging port 3. The granular fertilizer to be subjected to the coating treatment 
10 is fed through a fertilizer-feeding port 2 with a certain amount of hot air to form the spout. The coating treatment is con- 
ducted by blowing a solution containing the coating material through the fluid-nozzle 4 toward the spout in spray form 
when the temperature of the fertilizer granules reaches an effective level for coating. 

[0O42] The coating liquid is prepared by feeding certain amounts of the coating material and the solvent into a tank 
1 1 with stirring, at about the boiling point of the solvent. The coating liquid Is fed to the nozzle 4 by a pump 5. This sys- 

15 tern should be well-warmed in advance to maintain the temperature. After a suitable amount of the coating liquid has 
been fed. the pump 5 and blower 10 are stopped. The resultant coated fertilizer is taken out from a discharge port 7. 
Both the first layer and the secorxi layer can be formed basically according to the above-described process. A valve is 
indicated by numeral 6. In the following Examples ar»d Comparative Examples, the coating of the granular fertilizer is 
conducted with some basic conditions, indicated below. The coating percentage is changed by changing the amounts 

20 of the fertilizer fed and the coating liquid supplied. The amounts of the fertilizer fed and the coating liquid supplied are 
changed by changing some of the following conditions. 



Basic Conditions: 



25 [0043] 



Fluid-nozzle: 

Amount of hot air: 

Temperature of hot air: 
30 Type of the fertilizer: 

Amount of the fertilizer at its feeding port: 

Concentration of the coating solution: 

Rate of the coating solution fed: 

Coating time: 
35 Coating percentage (relative to fertilizer): 

Solvent: 



opening 0.8 mm, full cone type 

4 m^/min. 
80° C 

potassium nitro-phosphate of 5 to 9 mesh particle size 

5 kg 

solids content 3 wt. % 
0.5 kg/mtn. 
30 minutes 
8.0 wt. % 
trichroloethylene 



Examples 1 to 15 and Comparative Examples 1 to 9 



40 [0044] According to the above-mentioned process, samples of coated potassium nitro-phosphate with coating mate- 
rials and the coating percentage as shown in Tables 1 and 2 were prepared. In Comparative Examples 7 to 9, two coat- 
ing materials were mixed to coat in a single layer. 

[0045] The weight-average molecular weight was measured with gel permeation chromatography. 
[0046] Abbreviations in Table 1 are as follows: 

45 

PCL: polycaprolactone having a weight- average molecular weight of about 45,000 
PLL: poly-L-lactic acid having a weight-average molecular weight of about 200,000 

APE aliphatic polyester having a weight-average molecular weight of about 40,000 represented by formula (1) 

wherein m is 4 and x is about 230 
50 PUT polyurethane having a weight-average molecular weight of about 280,000 represented by formula (2) wherein 

n is 6 and Y is about 830 
EC: ethyl cellulose having a weight- average molecular weight of about 100,000 
TA: triacetyl cellulose having a weight-average molecular weight of about 150,000 
WX: low molecular weight polyethylene wax having a weight-average molecular weight of about 500 
55 PE: low molecular weight polyethylene having a weight-average molecular weight of about 3,000 

Ra: polyethylene having a weight-average molecular weight of about 20,000 containing 0. 1 % of light-decomposer 

a (iron acetyl acetonate) based on the resin 
Rb: light-degradable resin b (a copolymer of ethylene and carbon monoxide having a weight-average molecular 
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weight of about 10.000) 

Rc: light<legradable resin c (a copolymer of ethyl arxi ethylvinyl ketone having a weight-average molecular weight 
of about 10.000) 

5 [0047] In Examples 1 to 1 5 and Comparative Examples 1 to 8, the amount of nitrogen dissolved out in water at 25" C 
was analyzed using an analytical instrument. The results are shown in Table 1 . 

[0048] In Examples 1 , 2, 6 to 8 and 1 0 to 1 4 and Comparative Examples 1 to 7 and 9. the amount of nitrogen dissolved 
out in soil at 25° C was measured. The results are shown in Table 2. 

[0049] In Examples 1 , 7, 8. 10 and 1 2 and Comparative Examples 1 to 4. the state of the coating after 140 days was 
10 visually observed and the residual coatir>g is pressed with fingers for a breaking test. Then, the surface of the coating 
was washed with water arxJ observed using a microscope to examine the corrosion by microorganisms. The results are 
shown in Table 3. 

[0050] As seen from Table 1 , the nitrogen dissolving -out rate can be controlled by selecting the type of the coating 
material artd coating percentage of the first and second coatings in the Examples. In Comparative Examples 4 and 5, 

15 the nitrogen dissolving-out rate is too fast. In Comparative Example 6. the nitrogen dissolving-out rate is too slow. Com- 
paring Examples 7 and 15 with Comparative Examples 7 and 8, it Is seen that, when coating percentages of the coating 
materials for the first and secorxi coatings are changed while keeping the coating percentage of the whole coating 
materials same, the nitrogen dissolving-out rate can be changed according to desire in case of a fertilizer coated with 
multiple layers; to the contrary, it cannot be changed in case of a fertilizer coated with a single layer. 

20 [0051] It is seen from the comparison of Tables 1 and 2 that the nitrogen dissolving -out rate in soil is almost the same 
as that in water since decomposition by the microorganisms in soil does not affect the coated fertilizer in the Examples; 
on the other hand, the nitrogen dissolving-out rate in soil is faster than that in water due to the decomposition by the 
microorganisms in Comparative Examples 1 to 3. In Comparative Example 6 on Table 2, the nitrogen dissolving-out 
percentage was suddenly increased on the 60th day This irxJicates the coating cracked. 

25 [0052] Table 3 shows that the coatings in the Examples had not been degraded for 1 40 days. Comparative Examples 
1 to 4 show that the coatings were biodegraded. 

INDUSTRIAL APPLICABILITY 

30 [0053] The granular fertilizer with a multilayer coating of the present invention is characterized in that it is coated with 
coating materials having different dissolving-out rates, that dissolving-out of the fertilizer nutrients is controlled, arxi that 
the coating does not persist after the nutrients are dissolved out. Accordingly, the granular fertilizer with a multilayer 
coating of the present invention is less damaging to the environment. 

35 

Table 1 



Nitrogen dissolving -out percentage in water (25" C) 


Ex. & Comp. Ex. 


Coating material 
for first coating 
(coating per- 
centage) 


Coating material 
for second coat- 
ing (coating per- 
centage) 


Nitrogen dissolving -out percentage (%) 








30 days 


60 days 


100 days 


1 40 days 


1 80 days 


Ex 1 


PCL (5%) 


EC (3%) 


32.6 


51.5 


70.4 


826 


840 


Ex 2 


PLL (5%) 


EC (3%) 


53.5 


73.0 


85.6 


880 


89 0 


Ex 3 


APE (5%) 


EC (3%) 


32.0 


45.8 


58.2 


69.0 


757 


Ex 4 


PUT (5%) 


EC (3%) 


46.0 


65.0 


79 0 


84.9 


87 1 


Ex 5 


PCL (6%) 


TA (2%) 


39.5 


582 


734 


83.8 


840 


Ex 6 


PLL (6%) 


TA (2%) 


58.6 


77.0 


859 


87.1 


89 2 


Ex 7 


PLL (5%) 


WX(3%) 


39.3 


59.0 


84 3 


91.3 


91 3 


Ex 8 


APE (5%) 


WX(3%) 


158 


27.3 


46 0 


61.1 


71 6 


Ex 9 


PCL (5%) 


PE-Ra(1%) 


18.6 


38.4 


60 3 


72,8 


78 9 


Ex.10 


PLL (5%) 


PE-Ra(1%) 


267 


51.0 


70 5 


79.4 


85 8 



6 



EP 0 661 250 B1 

Table 1 (continued) 



Nitrogen dissolving-out percentage in water (25'* C) 


bX. & UOmp tX. 


ooaiing material 
for first coating 
(coating per- 
centage) 


ooating maienai 
for second coat- 
ing (coating per- 
centage) 


Nitrogen dissolving-out percentage (%) 








30 days 


60 days 


1 00 days 


1 40 days 


180 days 


Ex 11 


APE (5%) 


PE-Ra (1%) 


14.8 


31 2 


47.5 


57.5 


68.0 


Ex 12 


PUT (5%) 


PE-Ra (1%) 


28.9 


51 1 


66.2 


77.0 


85 8 


Ex 13 


PLL (5%) 


Pb (1%) 


25.4 


528 


73.6 


81.1 


88 2 


Ex 14 


PLL (5%) 


Rc (1%) 


25 1 


520 


71.8 


80.4 


86 0 


Ex 15 


PLL (3%) 


WX (5%) 


150 


262 


42.6 


55.3 


64 9 


Comp.Ex 1 


PCL (8%) 




28 5 


473 


66.1 


80.0 


84 1 


Comp Ex 2 


PLL (8%) 




50 5 


70 3 


83.0 


88.5 


90 8 


Comp Ex 3 


APE (8%) 




25 3 


402 


54.3 


66.8 


77 2 


Comp Ex 4 




EC (8%) 


786 


853 


87.0 


89.4 


91 0 


Comp Ex 5 




TA (8%) 


837 


895 


90.4 


91.1 


91 2 


Comp Ex 6 




WX(8%) 


74 


183 


43.5 


64.7 


73 5 


Comp Ex 7 


Mixture of PLL (5%) & WX (3%) 


69 0 


81 2 


89.4 


90.1 


93 2 


Comp.Ex 8 


Mixture of PLL (3%) & WX (5%) 


62 4 


75 6 


79.2 


90.3 


91.1 



Table 2 



Nitrogen dissolving -out percentage in soil (%) 


Ex. & Comp. Ex. 


Coating material 
for first coating 
(coating per- 
centage) 


Coating material 
for second coat- 
ing (coating per- 
centage) 


Nitrogen dissolving-out percentage (%) 








30 days 


60 days 


100 days 


140 days 


180 days 


Ex. 1 


PCL (5%) 


EC (3%) 


27 3 


46.1 


60.6 


72.0 


79.8 


Ex. 2 


PLL (5%) 


EC (3%) 


41 2 


61.2 


74.5 


81.7 


84.7 


Ex. 6 


PLL (6%) 


TA (2%) 


466 


67 0 


81.3 


86 4 


89.6 


Ex. 7 


PLL (5%) 


WX(3%) 


11 1 


283 


72.2 


80 6 


83.5 


Ex. 8 


APE (5%) 


WX(3%) 


137 


20 1 


35.6 


56 4 


68.3 


Ex 10 


PLL (5%) 


PE-Ra (1%) 


22 4 


436 


600 


71 4 


78.7 


Ex 11 


APE (5%) 


PE-Ra (1%) 


126 


26 9 


41.7 


49.5 


61.9 


Ex 12 


PUT (5%) 


PE-Ra (1%) 


25 0 


443 


57.6 


66.3 


74.6 


Ex 13 


PLL (5%) 


Rb(1%) 


22 1 


45 3 


64.0 


71.5 


76.7 


Ex.14 


PLL (5%) 


Rc(1%) 


21 6 


446 


66.1 


72.8 


77.8 


Comp.Ex 1 


PCL (8%) 




93 4 


100 


100 


100 


100 


Comp.Ex 2 


PLL (8%) 




52.7 


95 8 


100 


100 


100 
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Table 2 (continued) 



Nitrogen dissotving-out percentage in soil (%) 


tx. <x uomp. tx. 


oodting maieriai 
for first coating 
(coating per- 
centage) 


i^yOaiiny maier lai 
for second coat- 
ing (coating per- 
centage) 


Nitrogen dissolving-out percentage (%) 








30 days 


60 days 


100 days 


140 days 


1 80 days 


Comp.Ex.3 


APE (8%) 




76.5 


98.7 


100 


100 


100 


Comp Ex 4 




EC (8%) 


74.5 


79.3 


83.6 


84.0 


84.4 


Comp Ex 5 




TA (8%) 


79.2 


82.1 


86.6 


89.8 


90.5 


Comp Ex 6 




WX(8%) 


21.0 


82.8 


83.1 


87.0 


92.5 


Comp Ex 7 


Mixture of PLL (5%) & WX (3%) 


55.0 


85.8 


94.1 


94.9 


95.2 


Comp Ex 9 


Mixture of POL (5%) & EC (3%) 


80.2 


100 


100 


100 


100 



Table 3 



Observation of coating after embedded in soil 


Ex. & Comp. Ex. 


Coating material for 
first coating (coating 
percentage) 


Coating material for 
second coating (coat- 
ing percentage) 


Visual observation 
and press test with 
fingers 


Observation with 
microscope 


Ex. 1 


PCL (5%) 


EC (3%) 


1) 


8) 


Ex. 7 


PLL (5%) 


WX (3%) 


2) 


9) 


Ex.8 


APE (5%) 


WX (3%) 


3) 


9) 


Ex.10 


PLL (5%) 


PE-Ra(1%) 


1) 


8) 


Ex.12 


PUT (5%) 


PE-Ra(1%) 


1) 


8) 


Comp. Ex.1 


PCL (8%) 




4) 


10) 


Comp. Ex.2 


PLL (8%) 




5) 


11) 


Comp. Ex.3 


APE (8%) 




4) 


10) 


Comp. Ex.4 




EC (8%) 


7) 


9) 



1) No change observed in appearance since embedded. No change on pressing. 

2) Cloudy coating material observed. Cracked on pressing. 

3) No change observed in appearance since embedded. Cracked on pressing 

4) Not in a granular shape so impossible to conduct a press test 

5) Cloudy coating material observed Broken by pressing 

6) No change observed in appearance since embedded Broken by pressing 

7) Cloudy coating material observed No change on pressing. 

8) No tracks of hyphae observed. 

9) A tew tracks of hyphae observed. 

10) Fungi adhering to the coating and many tracks of hyphae observed. 

1 1) Tracks ol hyphae observed 



Claims 

1. A granular fertilizer with a multilayer coating comprising a first layer containing at least one rapidly biodegradable 
polymer selected from the group consisting of a rapidly biodegradable aliphatic polyester and a rapidly biodegrad- 
able polyurethane compound, and a water-insoluble second layer containing at least one slowly biodegradable pol- 
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ymer selected frcxn the group consisting of a slowly biodegradable cellulose derivative, low molecular weight 
polyethylene, low nnolecular weight wax and low molecular weight paraffin or light-degradable resin. 

2. A granular fertilizer according to claim 1 , wherein the first layer contains at least one rapidly biodegradable polymer 
selected from the group consisting of poly-L-lactic acid having a weight-average molecular weight of 70.000 to 
500,000. polycaprolactone having a weight-average molecular weight of 10,000 to 70,000, aliphatic polyester hav- 
ing a weight-average molecular weight of 10,000 to 50,000 represented by the following formula (1): 



10 



HO-[(CH2)m-OC-(CH2)2CO-]x-H 

O O 



(1) 



15 



wherein m is 2 or 4, and x is 50 to 500; and polyurethane having a weight-average molecular weight of 25,000 to 
500,000 represented by the following formula (2): 



20 



25 




-NHC(CH2)nO]Y-H 

(!) 



30 wherein n is 5 or 6, artd Y is 70 to 1 500. 



3. A granular fertilizer according to claim 1 , wherein the water- insoluble second layer contains at least one slowly bio- 
degradable polymer selected from the group consisting of at least one cellulose derivative having a weight-average 
molecular weight of 10,000 to 300,000 selected from the group consisting of nitrocellulose, ethyl cellulose and 

35 triacetyl cellulose, low molecular weight polyethylene having a weight-average molecular weight of 2,000 to 5,000. 
low molecular weight wax having a weight-average molecular weight of 400 to 800. and low molecular weight par- 
affin having a weight-average molecular weight of 400 to 800. 

4. A granular fertilizer according to daim 1 , wherein the light-degradable resin is a polyolefin resin containing a light- 
40 decomposer, a copolymer of ethylene and carbon monoxide and a copolymer of vinyl and ketone. 

5. A granular fertilizer according to claim 1 , wherein the first layer and the water- insoluble second layer contain poly- 
L-lactic acid and low molecular weight wax, respectively. 

45 6. A granular fertilizer according to daim 1 , wherein the first layer and the water-insoluble second layer contain an 
aliphatic polyester represented by the formula (1) in which m is 4 and x is 200 to 250 and low molecular weight wax, 
respectively. 

7. A granular fertilizer according to claim 1 , wherein the first layer and the water- insoluble second layer contain poly- 
50 L-lactic acid and ethyl cellulose, respectively 

8. A granular fertilizer according to claim 1 or 3, wherein the water-insoluble second layer has nnoisture permeability 
of nnore than 2.5 g/m^/day and a coating thickness of 15 to 50 ^m. 

55 9. A granular fertilizer according to claim 1 , wherein the first layer and the water-insoluble second layer have coating 
percentages of 1.5 to 32 % by weight and 0 5 to 8 % by weight, respectively, and the coating percentage of the 
whole coating material is 2 to 40 % by weight. 



9 



EP 0 661 250 B1 



Patentanspruche 



1 . KOrniges Dungemittel mrt einem Mehrschicht-Uberzug, der eine erste Schicht, die mindestens ein rasch bioabbau- 
bares Polymer enthait, das aus der Gruppe der rasch bioabbaubaren aliphatischen Polyester und rasch bioabbau- 
5 baren Polyurethanverbindungen ausgewShlt ist, ur>d eine wassaunlGsliche zweite Schicht umfaBt, die mindestens 

ein langsam bioabbaubares Polymer enthait, das aus der Gruppe ausgewahit ist, die aus langsam bioabbaubaren 
Cellulosederivaten, niedermolekularem Polyethylen, niedermolekularem Wachs und niedermolekularem Paraffin 
Oder lichtabbaubaren Harzen besteht. 



10 2. KOrniges Dungemittel nach Anspruch 1 , wobei die erste Schicht mindestens ein rasch bioabbaubares Polymer ent- 
hait. das aus der Gruppe ausgewahit ist. die aus Poly-L-Milchsaure mit einem Gewichtsmittel des Molekularge- 
wichts von 70 000 bis 500 000, Polycaprolacton mit einem Gewichtsmittel des Molekulargewichts von 10 000 bis 
70 000, aliphatischen Polyestern mit einem Gewichtsmittel des Molekulargewichts von 10 000 bis 50 000, darge- 
stellt durch folgende Formel (1): 



15 



HO-[(CH2)n.-0C-(aH2)2CO.lx-H 

O o 



20 



worin m 2 oder 4 ist und x 50 bis 500 darstellt, und Polyurethan mit einem Gewichtsmittel des Molekulargewichts 
von 25 000 bis 500 000. dargestellt durch die folgende Formel (2): 




worin n 5 oder 6 ist und Y 70 bis 1500 darstellt, besteht. 

40 3. KOrniges Dungemittel nach Anspruch 1 , wobei die wasserunldsliche zweite Schicht mindestens ein larigsam bio- 
abbaubares Polymer enthait, das aus der Gruppe ausgewahit ist, die aus mindestens einem Cellulosederivat mit 
einem Gewichtsmittel des Molekulargewichts von 10 000 bis 300 000, ausgewahit aus der Gruppe Nitrocellulose, 
Ethylcellulose und Triacetylceltulose, niedermolekularem Polyethylen mit einem Gewichtsmittel des Molekularge- 
wichts von 2000 bis 5000, niedermolekularem Wachs mit einem Gewichtsmittel des Molekulargewichts von 400 bis 

45 800 und niedermolekularem Paraffin mit einem Gewichtsmittel des Molekulargewichts von 400 bis 800 besteht. 

4. KOrniges Dungemittel nach Anspruch 1 , wobei das lichtabbaubare Harz ein Polyolefinharz mit einem Gehalt eines 
Licht-Abbaumittels, ein Copolymer von Ethylen und Kohlenmonoxid und ein Copolymer etner Vinylverbindung und 
eines Ketons ist. 

50 

5. KOrniges Dungemittel nach Anspruch 1 , wobei die erste Schicht und die wasserunlOsliche zweite Schicht Poly-L- 
Milchsaure bzw. niedernx)lekulares Wachs enthalten. 

6. KOrniges Dungemittel nach Anspruch 1 , wobei die erste Schicht urxJ die wasserunl6sliche zweite Schicht einen ali- 
55 phatischen Polyester, dargestellt durch Formel (1), worin m 4 ist und x 200 bis 250 ist bzw. ein niedermolekulares 

Wachs enthalten. 

7. KOrniges Dungemittel nach Anspruch 1 , wobei die erste Schicht und die wasserunlOsliche zweite Schicht Poly-L- 
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Milchsaure bzw. Ethylcellulose enthalten. 

8. KOrniges Dungemittel nach Anspruch 1 oder 3, wobei die wasserunlOsliche zweite Schicht eine Feuchtigkeits- 
durchiassigkeit von mehr als 2.5 g/m^/Tag und eine Uberzugsdicke von 15 bis 50 ^in hat. 

9. KOrniges Dungemittel nach Anspruch 1 , wobei die erste Schicht und die wasserunlOsliche zweite Schicht prozen- 
tuale Uberzugsanteile von 1,5 bis 32 Gew.-% bzw. 0,5 bis 8 Gew.-% aufweisen und wobei der prozentuale Anteil 
des gesamten Uberzugsmaterials 2 bis 40 Gew.-% betragt. 

Revendications 

1 . Engrais granulaire a rev^tement multicouches comprenant une premiere couche contenant au moins un polym6re 
rapidement biodegradable chotsi dans le groupe constitu6 d'un polyester aliphatique rapidement biodegradable et 
d un polyurethanne rapidement biodegradable, et une seconde couche insoluble dans I'eau contenant au moins un 
polym^re lentemerrt biodegradable choisi dans le groupe constitu6 d'un derive de la cellulose lentement biodegra- 
dable, d'un polyethylene de faible masse nx)ieculaire, d'une cire de faible masse moieculaire et d'une paraffine de 
faible masse moieculaire ou d'une resine degradable par la lumiere. 

2. Engrais granulaire selon la revendication 1 , dans lequel la premiere couche contient au moins un polymere rapide- 
ment biodegradable choisi dans le groupe constitue d'un acide poly-L-lactique ayant une masse moieculaire 
moyenne en poids de 70 000 k 500 000, une polycaprolactone ayant une masse nroieculaire moyenne en poids de 
10 000 a 70 000, un polyester aliphatique ayant une masse moieculaire moyenne en poids de 10 000 k 50 000 
repondant a la formule (1) suivante : 



HO - [(CH2) ,n - 00 - (CH2)2 CO - ] X - H 

O O 



(1) 



dans laquelle m est 2 ou 4, x est 50 a 500 ; et un polyurethanne ayant une masse moieculaire moyenne en poids 
de 25 000 k 500 000, reporxlant k la formule (2) suivante ; 




-NHC (CH2)nO]Y - H 

A 



(2) 



dans laquelle n est 5 ou 6, et Y est de 70 a 1 500. 

3. Engrais granulaire selon la revendication 1, dans lequel la seconde couche insoluble dans I'eau contient au moins 
un polymere lentement biodegradable choisi dans le groupe constitue d'au moins un derive de la cellulose ayant 
une masse moieculaire moyenne en poids de 10 000 k 300 000. choisi dans le groupe constitue de la nitrocellu- 
lose, de rethytcellulose et de la triacetylcellulose, un polyethylene de faible masse moieculaire ayant une masse 
moieculaire moyenne en poids de 2 000 k 5 000, une cire de faible masse moieculaire ayant une masse moiecu- 
laire moyenne en poids de 400 k 800. et une paraffine de faible masse moieculaire ayant une masse moieculaire 
moyenne en poids de 400 k 800. 

4. Engrais granulaire selon la revendication 1 . dans lequel la resine degradable par !a lumiere est une resine de poly- 
oietine contenant un agent de deconnposition par la chaleur, un copolymere de l ethyiene et du monoxyde de car- 
bone et un copolymere de vinyle et de c6tone. 
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5. Engrais granulaire selon la revendication 1 . dans lequel ia premiere couche et la seconde couche insoluble dans 
I'eau contiennent de I'acide poly-L-lactique et une cire de faible masse mol6culaire respectivement. 

6. Engrais granulaire selon la revendication 1 , dans lequel la premiere couche et la seconde couche insoluble dans 
5 I'eau contiennent un polyester aliphatique r6pondant ^ la formule (1) dans laquelle m est 4 et x est de 200 k 250. 

et une cire de faible masse mol6culaire, respectivement. 

7. Engrais granulaire selon la revendication 1 . dans lequel la premiere couche et la seconde couche insoluble dans 
I'eau contiennent de I'acide poly-L-lactique etde r6thylcellulose. respectivement. 

10 

8. Engrais granulaire selon les revendications 1 ou 3, dans lequel la seconde couche insoluble dans I'eau a une per- 
meability k rhumidit6 sup6rieure k 2,5 g/m^/jour et une 6paisseur de rev§tement de 15 ^ 50 micrometres. 

9. Engrais granulaire selon la revendication 1 , dans lequel la premiere couche et la secortde couche insoluble dans 
15 I'eau ont des pourcentages de revStement de 1 ,5 ^ 32 % en poids et de 0,5 ^ 8 % en poids, respectivement, et le 

pourcentage de rev6tement de !' ensemble de la mati6re de revfetement est de 2 ^ 40 % en poids. 
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